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Abstract

Presently, the railway project in Thailand has significantly expanded. The
objectives of the project include increasing capacity, reducing travel time, and
improving convenience. However, the increased infrastructure should be consistently
maintained in good condition. In addition to the decrease in efficiency caused by
overcrowding, the environment also plays a significant role. The current global
warming situation poses a risk to the railway infrastructure, potentially leading to
significant asset losses. The rising temperatures have resulted in increased continuous
welded rail (CWR) expansion. This continuous expansion may exceed the resistance
limit of the railway tracks or losing stability. There are a lot of studies and analysis
have been conducted on track buckling. However, limited research has been done
specifically on the 1-meter gauge tracks that extensively used in Thailand. In this
research, the analysis of temperature effects on track buckling was conducted using
linear analysis and a three-dimensional railway track model by simulated in the LS-
DYNA software. And considering the parameters what affecting track buckling
resistance, such as sleeper type, ballast, and forces that cause by wheel load from
train, were included. The results of this study will provide insights for railway
engineers to understand track buckling behavior and raise awareness of the

importance of consistent maintenance and upkeep of railway tracks.

Key words: Railway track; Track buckling; Meter gauge
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Fastening
Sleeper

Subgrade

JUN 2.1 Tasearamanuuiliulsenng (Grabcad Axle load in railway 2022)
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W 4 wuude floating slab, direct fixation, embedded sleeper, W8z embedded rail

CA adjustment mortar laver

Concrete base
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Continuously welded rail (interface damage mechanism 2021)
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uazRnmsdeuingees Snvisdlaansenaddnliaunelinnnisduaziiouvestesing

AINATY



SUT 2.3 51930lwuuy Joint track
2.1.4 519501WUs2AN Continuously Welded Rail usissaliivunag1anii
Joint track Wusesalnfiadrananlssnuudithudondieldnu Wulpssadesefioouls
swam"l,wLﬁﬂwaeuaamsLﬂﬁauLLanmmmamﬂqmwgﬁ LaziRausarsluse saudadlen
Stress Free temperature (SFT) Aorfvilianudulunaduagud u gumainis laodou

Tnajags1u1nni 100 lWashulaazsns

e o = ..':,' '.p!.-_-"‘p - ? . -
i s i G

L

g 5 Gt} e L
: ‘-;‘;ﬁggg %E.%i%- Ei;.. 5
5U#1 2.4 Continuously Welded Rail

\asnnsesalnlusznn Continuously Welded Rail iusnsselnluuuidouiu
saLos nsBnuenevesssalianAguugiifiganina SFT tu shlvdunansossssala
yipdsnadldanunsatanala vialiiaussluiuaini (Axial Force) agannNaveIwssaIngs
(Traction Force) wassalyl vhlisssaliiimudeslunislinnnzgs
2.2 w@ngsnmnnesalyl (Railway Track Stability)

@0y %50 Stability TuAMUMNNENISIUAAINTINLEEIRLNLES L@DYTATNUDS

(%

PudulATIa1901A13 ( Structural Stability) ualuauueslassasnesesali Stability



neierNasatunITIENILNISAA Buckling Inglunguiiiigidesiunis Buckling
azanusauusladu Axial force in rail wag Critical buckling load
2.2.1 Axial force in rail
Wesanmesalufimdsdneidnwaziu Continuously Welded Rail (CWR) WilaLinnng
a a a . dy [ 14 & Ao Y A& a
Wasuuwlasgauugiivin Thermal Expansion Auyilmudniivimiiniidusie innisvensuay
wada JUN 2. Luandliiuienisinasdlunaressed sy Inguatesumnilagn Fixed 8n

Aunilslaeuliidase naves Thermal Expansion viliin anusfiluasundasiy fe Al

[ Al

>IA ;I

vlw vl

4

a

sU# 2.5 MmsUdguniasmnugivesmuninannsidsunasgumai

(Ngamkhanong (2022))

nsasusUasazwlsiunssivaudivesianiisendt Thermal Expansion

Coefficient,0 ﬂmﬂﬁauwawmmmmammsmﬁmumﬂmimﬁammawmqmmﬁlﬁ

[

1
2N
Al = OATL (2.1)
Tneil Al AeAnugmmUasuwasld
0L fA® Thermal expansion Coefficient
AT ﬂaqmmmﬂaammaﬂﬁ Tatter = Tbefore
L Aomuen
o v g.J/ ¥ [ [ = % a a A
mnmrualiUatens 2 919 Wudnuug fixed WBAUNIULULAENTLATOUN N5EATENE

NWAVDY Thermal expansion Az¥ilmlAnuss Axial Force auuiuny lngasnsanla

Fastaluid
P = EAQAT (2.2)
Toefi E Ao young modulus of steel
A 79 rail cross section area

a A9 Thermal expansion of steel (1.17 x 10” 1/°C)
AT

o))

8 gauniURsuwlatly To - T



Inel Stress-Free Temperature (SFT) 1ugnsnedsgaungiilavinlisnssaluinusess
(Tension) #i50us¢dn (Compression) ad aauniuue lagluussmelngladinsivuaen SFT

A9 27 serwadea

]_)

[+ Al )

le
[« >

gﬂﬁ 2.6 USINLILILNUTNSTTAvaneTesAY (Ngamkhanong (2022))
2.2.2 Critical Buckling load
n9An Buckling Tusasalnutuanuanuisalunisnusegamnivedlassadiona
salw Tne Critical buckling load @nsaswaldann Euler Formula fuseluil
o m2El
“ (KL)?
o Ao the critical buckling load

(2.3)

Tnen

Ao buckling length

m T O

Ao modulus of elasticity

| A® moment of inertia

K Ao effective length factor
N154AR Buckling 2zl 2 gULLUUiﬁLLﬂ' Snap-through buckling fgu 7 2.3 uaz Progressive
buckling é’fﬂ'gﬂﬁ 2.4 Teidleasansmamuduiusssing DUMANLAZUIINULUILNY (Axial
force) wua Tulkuu Snap-through buckling n1siAa Buckling azaanalifiiss Axial force
anasuuuaunay TuanelAeniunsIiawUY Progressive buckling agvinlitse Axial force

ADYS ANaY



Pmax

4 y /

mmn . e e}

P

Rail axial force (kN)
N

i b

mim TIlIﬂX

Temperature rise above neutral (°C)

g‘U‘ﬁ 2.7 N36nA buckling kUU Snap-through buckling

(Ngamkhanong 2022)

1P P

max ' min

/

Rail axial force (kN)

- T - T - - -
Tmax = Tmm

Temperature rise above neutral (°C)

g‘dﬁ 2.8 N15LAA buckling WUy Progressive buckling

(Ngamkhanong 2022)

2.3 Eigen Value Analysis

Tun1sfinwaglangunsiaserikuuladu (Linear analysis) 1iey1 Buckling
temperature Tunslaisnisasnanilia@nisoaanalunsdnele genvinlian

Buckling aagseninaaamniasaanvinlyiiinnng Buckling ( Tgma,) bae 2auniiengn (Tem,

9 Y Y 9

) UALRUNINKENTENING Pre-Buckling state waz Post-Buckling state Aagavilsani

Y

Bifurcation Point (T,) Inggaugismgaiu (Tem, ) 10U Lower Bound Mvilisiainnis



(%

Buckling lomniindanuiiiieane uagmingamgianiteniaglivinlisainnis Buckling

Faanunsasnadadu Safe Temperature l@uifeniu

Force (Temperature over neutral)

4

N /

74
/
/

/Bifurcation Point (T,)

Prg Buckling | Post Buckling

—

>
>

Displacement

E‘U‘ﬁ 2.9 Buckling Path  (Ngamkhanong 2020)

Tun153LATIEIAUU eigen buckling analysis nafleonunazlaa1Ae) A1tiufe

Bifurcation Point #8331nn151AA Buckling, Post buckling state azl3isa Primary path

wazlu Secondary Slope @ansafianududuavinuavaula

Force (Temperature over neutral)

A

N
N
A (oo
& S
& S ™ >
g 3 Ve
A A
] o ,+”  Actual (imperfect)
O v

, structure

cr

. i Bifurcation Point

. Post Buckling Collapse

>
r

Displacement

g‘tJ‘i"i 2.10 Linear Buckling Path (Ngamkhanong 2020)

aun1sLansiegun 2.5 Ao
|K +

LaggUi 2.6 Ag

Tnefi K

K| =0

Kx = —/1Kg><

Ao global stiffness matrix

X AONNMBITILERNIDY buckling mode
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A f® buckling load factor (BLF)

lunsAnwmeisainan eigenvalue analysis Wun1saianisalan buckling
temperature filo1adienfiuinnitunle
2.4 yTuiiAeadas

Srivastava et al. (2016) 3ias1e¥iaes thermal load inannisiusn viliia
mamemgamgilus wheelrail interface dwmaliuinainduiassiedosolnuas ey
ﬁqmwgﬁﬁqasﬁmmmﬁm defect #i139mUNU hotspot, shelling, spalling, waz
corrugation $amAsHaTas frictional heat fignnseduiiuarnniausniuanglviin rai
chill effect d@swaliiin defect wag thermomechanical fatigue system 19

Ngamkhanong et al. (2020) AnwngAngsunIsfin N15iNwAIZY84 Interspersed
Railway Tracks laglunisnaaadlafineinaves nueusosliilay Haved BlouIaInDunIn
Tnel#38n15 Finite Element Modeling (FEM) shaaslaimasiaviun 5 laisa fie Concrete
Track, Timber Track,”1 in 2”7 interspersed track, “1in 3” interspersed track Wag “1 in
4” interspersed track gﬂﬁyjﬂmﬁmiwﬁimﬂsg Linear Eigenvalue Analysis Tun1s@nn
nnaosleil Eigen Vector S9uansds Buckling mode wuiilunisld wueusesraunin i
mnlihuifiuussinunsdesuresssnegamaiannniinsld mieusedls 1#ds 25 %
wazflasdenaann Amanuudingweussda Afdwlunstelunsdestunisdn nsin
e ApunInaInsasugumaillagendnlil lud Nominal Torsional Resistance gy

=

Ngarkhanong et al. (2021) Anwnaves mslaaaiz 9905 deanin vesiiulse
1119 30 Ballast waznavesgamaimuasuuadly Tngldis 3D Finite Element Modelling
(FEM) 91nlUsunsa LS-DYNA Taefiansaniilasiasiomauuiiiulsems uasnsiudeus
aaiulsena fianzsneiu Saudaridsduussnudie Aldannnissiass Unconstrained
length fisnafudanad Buckling Temperature vilsanunsan Allowable Temperature i
1§10 Safety Criteria fianunsatastunisiinnisinuny Tusaldfianefdiulsens
$9)iU

Ngamkhanong et al. (2021) AnwngAnssuuaInIsinaaIe U89 Interspersed
Railway Track lnglun1siiasizinananinvaluaesdiu A Eigenvalue Analysis wag Non-
linear explicit analysis Tngludiuusnifunmsinnegamiimilfannslians wazsuuuy
nslnemz Tudaves Non-linear Analysis {un1s53unnszuIug TaneuLaEndInIs

Annstaaniz Tuisnismaaeslaldisns Finite Element Model Tunisymmgfinssuvednis

1A4ANE INAITANHINANITNAFDIAILISAINAINUITUNITVNAGDY NTITULDUTINILTUY
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AounImansaligamaifayildsaAansiiaae Iinnndiuasnsiivinlyidhsneding
Restrained @mnsatigannsiinnsinnngldeensilvsey

Ngamkhanong et al. (2021) Anwwaues 3D Finite Element Models WiodiAszei
NATDINMAISULTIIUT Ul ATIaS sl uuTiRulseni 35n1sneaesld Discrete Element
Modelling (DEM) Tuns@nuldnavemueusatl warmieusesnaunin uaznaveanIside
anmvesiiulsens wuiriiulsemaiiazendidl Ballast Shoulder Tidsuussinuinsgaile
Feufuiulsemsiifinsuutou uasniousesrouninlimdeiuussiuiisganiinuouses
151}

nnransaneluein fulsivilianmnudssdumslidanedy fnavemeuses
ma,ﬁuisamq,qmmﬁﬁm?{ammaﬂﬂ flosanuaveins@nudinaniiiunisAng
Standard gauge wanslvifiuinlunisAnsdmsusesalndssinan 1 wasths Selaifinnsdnen
fvanuane uaﬂmm‘imiﬁ’] three-dimensional finite element model Tun15itas1eving

Y04n13lianzngangivessesalilssindnanidaliinnnednsie
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una 3

PRI RR

nMyeszvnsinamzveslassadimssaliaua 1 wns lneRasuniawaueenis
Wasuwlasgaumnfifasuudasly Fsunmsiieseildtinneilassairomasolwisidnuose
wuduiulsenauandusuuuidendaiies fdamudssgionslianslugaanaia
gaungilas lun1simsensainanagyimsinaesinalagldds three-dimensional finite
element model %uiuiﬂﬂmiu LS-DYNA (Livermore Software Technology Corporation
(LSTO), 2018) uavinsevinavesgaumniiuasunvasiulagléifuuy Linear Buckling
Analysis lngludsaananaiuisaannailunisiasizilauinnia Nonlinear Buckling
Analysis Ylausaannatluns@nels lunsieseilaadefuwsmnunuaiugig
saufeulsiiiedes
3.1 Finite Element Modelling (FEM)

Tun1s91aesluiag Finite Element Modelling azvinnslalusunsu LS-DYNA Tng
senuuulidulassadromesalndiiduiulsens Sanuen 60 was wazdl 100 Spans Taedl
Spacing 0.6 wn3 Tneiuusliswasiueusesady Beam elements firniisdia Torsion,
Flexural Deformation tag Shear deformation lun15@319 Beam Element fana1iagyin
n5ldf SECTION_BEAM uay MAT ELASTIC laefliiiunaiauti Tun1sBavanugamniiile
TaosnaantRuanias Keyword MAT ADD THERMAL EXPANSION d1%5U Rail Pads ua
Fasteners 7iduduusznaulasiasiamesal ¥innsld Translational Spring $1uau 3 T
Wleunu Pad Stiffness Tunwannuii 3 fiemewazld rotational spring $1uau 1 Jusiteld
uny fastener resistance dmiuludruvesiulsemaiiu Tulassadronnesalninaves
Shoulder Wuusefinsgyidnudng Tunssraemadenadlddu Tensionless support spring
Tneazifoufnfulaneraasilaues Sleeper wnu normal spring tissannsilisnasalal
AsoLPAeuT 1y support IngliAnnaves Tensile support (Ngamkhanong et al., 2020)

Fodunrsdnausnginssuvesiulsemslulasiainmig
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LS-DYNA keyword deck by LS-PrePost

<— Rail

Rail -———->

Lateral Ballast
spring
Rail pads and
_—7 fastening

Longitudinal
Sleeper —7 Ballast spring

~— Vertical Ballast spring

g‘d‘ﬁ 3.1 Ballasted railway track modelling

3.2 Material properties

n1591 finite element modeling WONI1NATATWLATATNUALAMUATOULYALLE?
tfu wdesimunnuautRsaguasan vie material properties #e Tnglunuidetas
fnsansssalnddiivanidutan lnefiarsanswsoly 2 viafe BSSO way BS100 udy
anleglutiagu Tudruveamueusesssalazfiansandunueusosliiuasviouses
pounInifieliiaenadosiunislinuidutiogiuasiiowiouiisuanauifvemmousis
aosniin wavdruvesiulsenauarszuuBadussolidy asvhnmssasafuauia Tasaasd
YDUTIFIUMUAALLILNY X vasTiulssynaneiiRnogfivasvesueusesste 2 Fudy
LARAN spring stiffness (k) ‘ﬁﬂlﬂ 60, 120, 180, 240, 300, 360, 420, 480, 540 wag 600
N/mm dmsunueusesls uazfnen spring stiffness(k) fisn 100, 200, 300, 400, 500, 600,

700, 800, 900 way 1,000 N/mm @1SuntausednounIs iaUSeuigunavaIn1sinaang

£ '
=% o o a

AAPTUAUAITNARANUTIAUTDIRULTENIA19 U



71919 3.1 Material properties

14

Parameter list Characteristic value Unit
Rail (Steel)
Modulus 2 x 10° MPa
Density 7850 kg/m?
Poisson's ratio 0.25
Thermal expansion 1.17 x 107 1/°C
Timber sleeper (Hardwood)
Modulus 1.02 x 10 MPa
Shear modulus 3.93 x 10° MPa
Density 1,100 ke/m’
Poisson's ratio 0.2
Lateral resistance 60 - 600 N/mm
Torsional fastening resistance 225 kN-m/rad
Concrete sleeper
Modulus 3.75 x 10 MPa
Shear modulus 1.09 x 10° MPa
Density 2,740 Kg/m?
Poisson’s ratio 0.2
Lateral resistance 100 - 1,000 N/mm
Torsional fastening resistance 75 kN-m/rad




ms’mﬁ 3.2 Section properties

Parameter list Characteristic value Unit
BS80

Section area 5,071 mm?
Moment of inertia about z-axis 2.196 x 10° mm*
Moment of inertia about y-axis 1.209 x 10’ mm?*

Torsional constant 1.429 x 10’ mm*
Shear area 5,071 mm?
BS100

Section area 6,393 mm?
Moment of inertia about z-axis 3.650 x 10° mm*
Moment of inertia about y-axis 1.961 x 10’ mm?*

Torsional constant 2.326 x 10’ mm*
Shear area 6,393 mm?
Timber sleeper (Hardwood)

Section area 3.750 x 10° mm?
Moment of inertia about z-axis 1.950 x 10° mm*
Moment of inertia about y-axis 7.000 x 107 mm?*

Torsional constant 1.760 x 10° mm*
Shear area 3.750 x 10 mm?

Note: X = wAuAIUL1e (Lateral), Y= wAumue1 (Longitudinal), Z= LAULLIRY (Vertical)
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Parameter list Characteristic value Unit
Concrete sleeper

Section area 3.750 x 10 mm?

Moment of inertia about z- 1.950 x 10° mm*
axis

Moment of inertia about y- 7.000 x 10’ mm?*
axis

Torsional constant 1.760 x 10° mm*

Shear area 3.750 x 10* mm?

Note: X = WAuAIUTS (Lateral), Y= wAum1ue1 (Longitudinal), Z= LAULLIRY (Vertical)

#1919 3.3 Spring stiffness

Parameter list Characteristic value Unit
Ballast X (Timber sleeper) 60 - 600 N/mm
Ballast X (Concrete sleeper) 100 - 1,000 N/mm
Ballast Y 11000 N/mm
Ballast Z 2.193 x 10° N/mm
Rail pad X 7.000 x 10* N/mm
Rail pad Y 7.000 x 10° N/mm
Rail pad Z 1.700 x 10 N/mm

Rail pad RX 2.250 x 10° N-mm/rad

Rail pad RY 2.250 x 10° N-mm/rad

Rail pad RZ 2.250 x 10° N-mm/rad

Note: X = wAuAIUL1e (Lateral), Y= wAumue1 (Longitudinal), Z= LAULLIRY (Vertical)

d' au & a ' . . a
A5 3.3 Tusuideiiaziansanan spring stiffness vasitulsenisluwnu

PIUTNTAIIN U DAL UTBUBUAY 1nBAT spring stiffness HagLUAIAIINAIU

N9AUT19DRUTTENIS FeAn spring stiffness danunsamlaainauduyensm

AUANWUSTEIN lateral force ffu displacement Tugsmduwdunse Tnglusuideday

un Displacement 91 1 mm wagld lateral force 71 60 — 600 N dwsunusussslyl uag

14 lateral force 7 100 — 1,000 N dSUnuous0IAOUAIA
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3.3 Load case

[y

TuarAded

a v

nnUszasrLiiafnwIngAnssunisinamizvessesalustindiulseni
2@ % = ad X % = DA
Fatulassaimesalnvessemelng eangaumgiinawuainalanSeuniiuuilduy
rilpamqiindegiuizos s Janmuanisnee load Ninsgvifiusaduy
THERMAL_LOAD_CURVE Litasa319 load vesgaungil lngaglvioamaiireyiuauain o-
200 aerwaldyani1glunan 10 Ui 1ieT1aeIn s AUY RN TIURIRATIAAN1TLAS

wgluanIunisalase Begumail 200 BIMWABATUILAINITAATOUARUNGFNTIUNISIAR

AslnANzYa9lATIas1ansle

Thermal load

200
150
100

50

Temperature Change, AT (°C)

Time (s)

gﬂﬁ 3.2 Thermal load
uenni lunuideialvianuaulafiimdnvesdesalufinssyhiusdutina
wheel-rail interface Tngluvngitsalidundoufiduagiin traction force Gefiamuduriug
fuanudenmussninedosniusnesoln Ssenudeamuiistuiuffdaurigamnives
'mgqﬁu Fatwmuan1siean load finssshiusadu BEAM SET uiead1ewn load vasdosnd

darasion1silAgunUavesgaumgil InevinisussanaaIvesinindaluluILnuA L

(%
a

0.1-0.4 YU MINADLULNULULIAY taz kA TaDlauANDAATUNINNTUTZUIUAN
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uni 4

NANISAIIUIIUIAY

99nN159 Finite Elernent Modelling Tngldlusunsy LS-DYNA fiedinsnzsinisin
e (Buckling) veslassadtemssaly Tnslumsdinnesiduldfnsandsmavesguugiiv
WasuwUaslUuas@inunavesiaudsineg i dwasenisinauang
4.1 Model Validation

INMIFNYIITayanUIINMTIeTsinavasmsinaazlulassasiamesalilussa
waznaTeINIsATITInTAMARULEuiToyafisin dduefindilvgrinszinalag
forsanlassadrmesalnuuiiduiulsema Tunsyi Validation veswuusiassiiu av
Wisuilsumiilganmsanuilusfnfuwuusiasafiadnsll Ingldnaauds, Fouly Tof
wiloutunsidelueiin FulSeuiieuiumadelueiin 2 udldis analysis solution waw
WisuifisuiuanAdseluefndn 2 :uildiZuuu finite element analysis (FEA) Taglu
mASeienUssuiieuams laswaamesalvlaiiulsemeiduniemss uarldmeuses
519RaUNM ASlAN Lateral stiffness Wiy 200 N/mm wagdlan Torsional stiffness Wiy
75 Nm/rad wagilvuavtndnvessiady Standard gauge L‘I/i’ﬂj;u

MnmsAnynaninTeinTeigungifvhlfAansiiamedu Tne sl
AAs1eside analytical solutions F935nsFsnanagmegaumgiinislnaazain Beam
theory Wwag principle of the virtual displacement equation IAgN1SAIUIUILNIN
critical axial force (Prud'Homme and Janin, 1969, Kerr, 1980) Tugdusuiseqiansz
Tne3% finite element analysis 1 luns33el@dunnssans model Fuslagldsnesaln
aea5190u Continuous beam waz 1 spring Jaduunuves stiffness 203 Aulsennauay
S¥UU fastening 183573501 (Carvalho et al, 2013) d@udnuiseiulaldiusunsy
STRAND7 (Ngamkhanong et al., 2020).

et 4.1 Tuuandidiuiamadfivilfnaiamslianis Taodeud
nATeluefnwazeuddelutegiu Tnevinisusulumalimiu Standard sauge ieldlunns

validation neu 9 ntudelsulumaliidu Meter gauge wagUsuasnsgmold
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A5197 4.1 Buckling temperatures for model validation (°C)

Analytical solution FEA
Neamkhanong,
Prud’Homme Carvalho This
Kerr, Wey, and Average Difference
and Janin, et al. study
1980 Keawunruen
1969 2013
2020
51.7 47.8 50.0 53.0 52.1 54.1 3.7

4.2 Parametric Study

TurmAdendsillfingusrasdifleAnvnavesnsiianslulassadesalniuun 1
wns lnefifinnsansavesgamifiudsuntadlunasnavosinuusineg deudsesnifuany
AUNUAULNe (Lateral resistance), ntidnuassalul (Rail Section) ,453a1n34 (Traction
Force) uag3us1anisinamg (Buckling shape) WewSsudlsunasonisinanglunsdisngg

4.2.1 Lateral Resistance

arudumusunsiumansniiauslusuuuuresauuvesiiulsev uay
fastener figndraadlifiu Spring Stiffness Tun1sAnuniuldmilaissiavomuousasmads
Hnagnsnnaonssnudg laglunsmvunaiues Spring Stiffness U9INLBUTDINIITLA
ADUNIH LALLA 100, 200, 300, 400, 500, 600, 700, 800, 900 taz 1000 N/mm &1nsunuDy
seamevialdths I6insiuunen 6 60, 120, 180, 240, 300, 360, 420, 480, 540 uae
600 N/mm waglumsanunilavinnsiansaneLeniusaanmMsensadudig laud 12,
24, 36, 48 lag 60 LUA3

dlothradilénnnnisingzet FEM kulusunsy LS-DYNA wnasadunsia sewing

amndmuasunlatliuag Stiffness Auansnaiuaziulangadiy Lateral Stiffness 1nau

9
9 Y
danalvigaunginvinliAansinsnnduaiulume
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Lateral Sriffness (N/mm)

JUN 4.1 uansrnuduiussznineamginuasuudasly (O) fu Anuudunsavewss
U9 (N/mm) 999519980 BS80 muausaaniavtall Tnadiniuenn
AUSIAANNNNSTEATIAUTS bk 12, 24, 36, 48 hay 60 WAg

140

120

80

60

Temperature Change, AT (°C)

40

0 ' 200 ' 400 ' 600
Lateral Sriffness (N/mm)

=

JUN 4.2 uansmnuduiussenineeamginiuasuwdasiy (C) Au mnuudenieuss
AU (N/mm) 289579%8n BS100 visousamnieiall lnediaauen?

AUSIFINNISEASIAIUTNG TokA 12, 24, 36, 48 kay 60 LUAT
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Lateral Sriffness (N/mm)
4.3 uanspnuduiussenieamainudsunuadly (0) fu aruulanieeuss

AU (N/mm) 89519980 BS80 MiaUTRINIITUAADUNGA A8TiAI1Ue?

AUsERINANSERSIAUTe LA 12, 24, 36, 48 way 60 LUAT

200

N

(&)

o
1

100

Temperature Change, AT (°C)

(&)}
o
1

v T v T v T N T N T
0 200 400 600 800 1000
Lateral Sriffness (N/mm)
4.4 yanpnuduiusseninsgaumginasunUadly (°0) Au AuUTANSIwBUT

AU (N/mm) U8951998A BS100 MUaUTBININTUAADUNGA LA8TAIINE?

AUSIAANNNNTEATINIUVIS oA 12, 24, 36, 48 hay 60 AT
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4.2.2 Rail Section

desnlutsymelneduldfinsldsesalwdanulng 2 4iin lduA BS80 uay BS100
Tunmsideildvinisaseunqunihdaesmesaliisaessiin laaidleiSeudisunavomiige
Mgoswianuin dmsunteusesneiall Aflenueniiunaannisiadeinudie i 12
s (U7 4.2 ) tuiulddnndn aruedug %aﬁwqarwqﬁﬁumnﬁwqﬁufﬁ;dwqﬁuagﬁ
L97%)uazﬁwm%uﬁw24,36,48601fuﬁhlﬂumﬂﬁwaﬁuMWﬂI@ﬂéﬁﬂSQQWﬂﬂiWWuama

ANMUFUNUS

BS80 |
BS100

140

- -
@ o N
o o o
1 1 1

Temperature Change, AT (°C)

[o2]
o
1

40

0 200 400 600
Lateral Sriffness (N/mm)

(@ 12m



Temperature Change, AT (°C)

140 -

-

N

o
1

100

Temperature Change, AT (°C)

BS80
BS100

80 -
60
40 T T I
0 200 400 600
Lateral Sriffness (N/mm)
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4.2.3 Traction Force
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4.2.4 Buckling shape
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Buckling temperature analysis of railway track using FEM
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fumumsinanzlamedsimseiuuudady  (Linear Analysis)
Trgnsaraeslumauwuy 3 8f (Three-dimensional railway track
model) #relusunsy LS-DYNA Tumsieseiiuldidiumsiiimesd
dawaronnusunsinamz lein slinvesmuousemis (Sleeper)
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Inumzuagielinszvdnlunisthzshunnesaliliidegiaue

MdAty: 31950k, mslnaany, sesaliaun 1 wns

Abstract

Presently, the railway project in Thailand has significantly

expanded. The objectives of the project include increasing

capacity, reducing travel time, and improving convenience.
However, the increased infrastructure should be consistently.

maintained in good condition. In addition to the decrease in
efficiency caused by overcrowding, the environment also plays
a significant role. The current global warming situation poses a
risk to the railway infrastructure, potentially leading to significant
asset losses. The rising temperatures have resulted in increased
continuous welded rail (CWR) expansion. This continuous
expansion may exceed the resistance limit of the railway tracks
or losing stability. There are a lot of studies and analysis have
been conducted on track buckling. However, limited research
has been done specifically on the 1-meter gauge tracks that
extensively used in Thailand. In this research, the analysis of
temperature effects on track buckling was conducted using
linear analysis and a three-dimensional railway track model by
simulated in the LS-DYNA software. And considering the
parameters what affecting track buckling resistance, such as
sleeper type, ballast, and forces that cause by wheel load from
train, were included. The results of this study will provide
insights for railway engineers to understand track buckling
behavior and raise awareness of the importance of consistent

maintenance and upkeep of railway tracks.

Key words: Railway track; Track buckling; Meter gauge
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Faedlunalagldis three-dimensional finite element model
fﬁu’iu‘iﬂmﬂim LS-DYNA (Livermore Software Technology
Corporation (LSTC), 2018) LLaﬁLmﬂsﬁwamaqqmugﬁﬁ
WasuuUaslUlngld33uuu Linear Buckling Analysis Tagluis

FaNEAIEINTAANATNTITIATIERLANINAIT Nonlinear

Buckling Analysis ¥ilsanunsaanatlunsdnwla luns

AATALAA TR T IFIUNUAILLNE TINTTIRUTAN eIt

2.1 widesainniesaln (Railway Track Stability)

w@iesnm u3e  Stability lumnumnemeiudcangsy

Toswaneds  @hesnnvesudiulassadeenms  ( Structural
Stability)  wslusuveslassadesnesalvl  Stability v

auansalumsiuyuninia Buckling laglunquiifiiAeades
ffun"s Buckling avanunsauuslailiu Axial force in rail uag Critical
buckling load

2.1.1 Axial force in rail

o

Wesnnmesalvfirdsdnuniidnuugidu Continuously

Welded Rail (CWR) Lilaiinn1sildsuuiasgnumgiiiin  Thermal

Expansion Juvibimanfivhuiiidusne fanisvensuasvads gUi
v @ =2 ° [ v =
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Fixed dnsunilsUaesldase waves Thermal Expansion liAn
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9auunil (Ngamkhanong (2022)
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Thermal Expansion Coefficient,dl nsiasuulawenuen?
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Toedl E fim young modulus of steel
A f® rail cross section area
a fio Thermal expansion of steel (1.17 x 10
1/°0)
AT fo gumgiiiwdeuwlas T o — T (rp
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(Ngamkhanong (2022))
2.1.2 Critical Buckling load

maAn Buckling lusnssalwdudumuausalunisnu

peaunivedlasias1aniesalu Tne Critical buckling load @138

gl U

fuandlaann Euler Formula asaludl
T2El

P = 3

o= KL? )

o fio the critical buckling load

el P
L #i9 buckling length
E #im modulus of elasticity
I i moment of inertia
K fia effective length factor

n94fin Buckling 9gd 2 sUuuulaun Snap-through buckling #is
U 71 2.3 way Progressive buckling faguil 2.4 Taeiileashans
ANNENTUS TN QauniiuazuswnLLLIUNY (Axial force) WUT
Tuluu Snap-through buckling nM35An Buckling azaanaliflss Axial
anasuuudundy  luaniAeniunsiiauuy  Progressive

force

buckling avil¥ilsa Axial force Aoeq anas

max

Rail axial force (kN)

T

T, T,

min max

Temperature rise above neutral (°C)

31]171 3 n19LAin buckling Uy Snap-through buckling
(Ngamkhanong 2022)

1 Pum\ =P

Rail axial force (kN)

T T T

p L

max » mm
Temperature rise above neutral (°C)

3‘1]17; 4 n154im buckling WU Progressive buckling

(Ngamkhanong 2022)

2.2 Eigen Value Analysis
lumsfinwaglimguinisiesiziwuudady  (Linear
analysis) wiew Buckling temperature Tunslaasnisasnanvila
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31]17; 5 Buckling Path (Ngamkhanong 2020)
TuMTIATIERRUU eigen buckling analysis afioenuiay
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2.3 Finite Element Modelling (FEM)
Tunnsdraeslama Finite Element Modelling agyinnsld

Wsunsy LS-DYNA Tneeenuuulhiulassadromssaluififiduiulse
14 dAu817 60 LA tagdl 100 Spans lagll Spacing 0.6 1Wes Loy
fualisuasmueusewnaly  Beam  elements  Aidnildis
Torsion, Flexural Deformation iy Shear deformation Tunsade
Beam Element  finanazyiinsld  SECTION BEAM  uas
MAT ELASTIC Taeiifiunaentd Tunsdananmugumpiiiiediass
AuauURwanlag  Keyword  MAT_ADD_THERMAL EXPANSION
45U Rail Pads uag Fasteners Tiluduuseneulassairamasalal
¥1n1514 Translational Spring 1uau 3 % iilounu Pad Stiffness Tu
WA 3 Airmauazld rotational spring $1uau 1 Fuiiteldunu
fastener resistance dwduluduvesiulsevsiu lulaseadrma
solwfinaves  Shoulder Huusafinszvidnudns  Tunssraemwa
fananaldidu Tensionless support spring Tngazdeufntudanea
aoailswos Sleeper unu normal spring tiesannihilvsssalwanunse
wieui  ru Tnglifanauas  Tensile

support support

(Ngamkhanong et al., 2020) %ﬁL"ﬂ‘umiﬁﬂl,auawqﬁﬂssmaaﬁuiﬁﬂ

malulaseasiania

LS-DYNA keyword deck by LS-PrePost

31117i 7 Ballasted railway track modelling

2.4 Material properties

M3 finite element modeling uNINNITATIS
Tassadauazimunaveuanudiiu  asfesmunnmanTisegues
Yain) i3 material properties ¢38 Tnglunuaseihaefinsansiesolu
geldmandutan Tnefinsansiesolul 2 wiado BSSO uag BS100 F
Wusailfeglutagtu  luduvemususesssalilazfinnsanidy
wousasliilagnueusesmeuniniielidenndosiunisldnuaidly
fjﬁ]ﬁ;ﬁuuamﬁaL"d%&mL‘ﬁauamauﬁﬁmawmauﬁﬂaawﬁﬂ wAEAIUYDY
Alsemaazszruudadusssaliiy  ashmssaeaduadss Toe
AAsTIveILSIFLUYIUAILILNY X Yesiiulsemansiinegivane
YomuaUTEIII 2 duthy avAnd spring stiffness (k) fifn 60,
120, 180, 240, 300, 360, 420, 480, 540 wag 600 N/mm dmsu
wueusedlsl uazAnen spring stiffness(k) 7iA1 100, 200, 300, 400,
500, 600, 700, 800, 900 wag 1,000 N/mm &%SUNLoUseInaunn
ieUSsuilunavesnsinameiiintususseiifinnnusadnu

Yosulsenamee i

A131497 1 Material properties

Characteristic

Parameter list Unit
value
Rail (Steel)
Modulus 2 x 10° MPa
Density 7850 kg/m?
Poisson's ratio 0.25
Thermal expansion 1.17 x 10° 1/°C
Timber sleeper (Hardwood)
Modulus 1.02 x 10* MPa
Shear modulus 3.93 x 103 MPa
Density 1,100 kg/m3
Poisson's ratio 0.2
Lateral resistance 60 - 600 N/mm
Torsional fastening
225 kN-m/rad
resistance
Concrete sleeper
Modulus 3.75 x 10* MPa
Shear modulus 1.09 x 10% MPa
Density 2,740 Kg/m?
Poisson’s ratio 0.2
Lateral resistance 100 - 1,000 N/mm
Torsional fastening
75 kN-m/rad
resistance
aTsdi 2 Section properties
Characteristic
Parameter List Unit
value
BS80
Section area 5,071 mm?
Moment of inertia
2.196 x 106 mm?*
about z-axis
Moment of inertia
1.209 x 107 mm?
about y-axis
Torsional constant 1.429 x 107 mm?
Shear area 5,071 mm?
BS100
Section area 6,393 mm?
Moment of inertia
3.650 x 10° mm?*
about z-axis
Moment of inertia
1.961 x 107 mm?*
about y-axis
Torsional constant 2.326 x 107 mm?*
Shear area 6,393 mm?




Note: X = WAuATUL19 (Lateral), Y= wnuaue (Longitudinal), Z=
wAULLIAT (Vertical)

@154 2 Section properties (s0)

Parameter list Characteristic Unit
value
Timber sleeper (Hardwood)
Section area 3.750 x 10* mm?
Moment of inertia
1.950 x 108 mm*
about z-axis
Moment of inertia
7.000 x 107 mm*
about y-axis
Torsional
1.760 x 108 mm*
constant
Shear area 3.750 x 10* mm?
Concrete sleeper
Section area 3.750 x 10* mm?
Moment of inertia 1.950 x 108 mm?*
about z-axis
Moment of inertia 7.000 x 107 mm?*
about y-axis
Torsional 1.760 x 108 mm?*
constant
Shear area 3.750 x 10* mm?

Note: X = upud Ut (Lateral), Y= wnusue1 (Longitudinal), Z=

WAUMWIRS (Vertical)

1319 3 Spring stiffness

Parameter list Characteristic Unit
value
Ballast X (Timber sleeper) 60 - 600 N/mm
Ballast X (Concrete sleeper) 100 - 1,000 N/mm
Ballast Y 11000 N/mm
Ballast Z 2.193 x 10* N/mm
Rail pad X 7.000 x 104 N/mm
Rail pad Y 7.000 x 104 N/mm
Rail pad Z 1.700 x 10° N/mm
Rail pad RX 2.250 x 108 N-mm/rad
Rail pad RY 2.250 x 108 N-mm/rad
Rail pad RZ 2.250 x 108 N-mm/rad

Note: X = uAusnudng (Lateral), Y= whusue™ (Longitudinal), Z=

WAULYIR (Vertical)

o
=1 a

397 3.3 Tunwideilaziansanan spring stiffness
yosfulsemslunnuiudnfidsneg i Westhamuisuiieuiu

TAgAn spring stiffness UaZUNUAIAINAIUNAUTI9UD AUV

FaAn spring stiffness Hanusamldainauduresnsmauduig
59%39 lateral force AU displacement Tugaailludunss Tagly
etz Displacement 7 1 mm wald lateral force 71 60
~ 600 N dmsuvueuawilsl uagld lateral force # 100 - 1,000 N
AT UNUOUTDIADUNIA

2.5 Load case
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31]17; 8 Thermal load
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\AoufitustiAn traction force @simnuduiudiuanudenniu
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3.2 Parametric Study
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3.2.3 Traction Force
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